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THE KINETICS OF OXIDATTION-REDUCTION OF VANADIUM
IONS ON VARIOUS ELECTRODES

1

V. G. Stepanenko énd S. P. Antonov

--‘} -‘.
According to [1], in sulfate solutions with' pH from 0 to 2, /582%
there are mainly such forms of venadium as VOE, V02+, and V3+ (the
ceordlnation of 8057 ions is more weakly expressed than oxygen

and is therefore not considered).

Previously [2-3] the authors established that the diffusion /583 |
equations which describe the oxidation-reduction of wvanadium ions
on various electrodes contain st?ichiometeric coefficients of
chemlcal interaction which differ from one another.
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It was of interest to make certain of the existence of
inhibited phases preceding the phase of electron transfer, and of
the 1individuality of the limitiné currents observed in‘thergﬁven
system. For this purpose we used the methods of voltamperometry
to study such functlons as: thefnon—stationary outputs with
respect to the current of vanadiﬁm ions with currents less
than the limiting current; the dependence of the limiting currents
on the potentlal development time and the concentration of

vanadium; the effeet of mixing, pH and the content of SO m lons

on the electrochemlcal parameters of the polarlzatloﬁWcurves\
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The currenfmpotential curves were made by meéns of the boten-
tiostat P-5827 and recorded by the millimeter M-253 and the electron
. potentiometer K3P-4. The workiné solutions were prepared from
- vanadium sulfatéLVOSOu“3H 0 ("anél&tically pure") and ammonium
m—vanadate——NHMVO ("analytlcally pure"), acldified with sulfuriec
acid to the reguired pH. When necessary, the solutions of VOE
were obtalned by anaodic oxidation of vanadium sulfate. The
content of vanadlum ions was determlned by volumetfic titration
W1th respect to an indicator orlamperometrlcally — directly in the
electrochemical cell. TFor extraction we used electrodes of plabti= .
num, palladium, rhodium, lead, cdpper and iron in the form of platesr“
with a surface of 1 cmz, sealed in a glass tube. The electrodes
were polished with diamond paste, degreased with French chalk and
alcohol, secured and washed off. Beforehand, the electrodes were
switched on briefly in order to brlng them to a stationary condi-

tion. The greater part of the experiments . was carried out with

solutions containing .10 g/1 V (+1).]
e

In Figure 1 we present the relatlonshlp of the limiting
current of vanadium to the concentratlon of V02 lons during
anodic oxldation with rhodium. Analogous results were obtalned with
a platinum anode, and with coppeﬁ and iron cathodes. The magni-
tudes of the limifing currents rose sharply with the intensity (}ééﬂA]
of stirring.

In Figure é, the dependenceiof the non-stationary limiting
currents on time is presented. The slopes of the coefficients of
the straight lines 1, 2, 3 and M; 5, 6, contalning the constants
~of the diffusion current behave in the first approximation like prime
numbers — 1:2. This result 1s 1n agreementuglgiﬁgﬁéﬁdaqa from|
" [2,31, and obviously 1s connected with the difference in chemical )
statesﬁln various electrodes, ani accordingly, 1n the stoichiometrlg

b
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TABLE 1. EFFECT OF soﬁ“ TON' CONCENTRATION ON THE
HEIGHT OF NON-STATIONARY LIMITING CURRENTS

Electrode Added Sulfate, g/l [ 14 a/dm”
Pt anode 4 § 1.5
v : 1.6
27 1.5
Cu cathode ~- 2.5
2.6
- 27 2.5

’ : W w. é.. S’,(Ag,l}"ﬁ\
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Figure 1. The effect of the V02+ concentration on height

ia(Rh~anose VOSOM); 1-2.5, 2-5.0], 3-7.5, 4-10 g/1 V(+4).
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- PDuring-ancdic oxidation of V02+ on platinum, rhodium and palla-
dium, the limiting currents haveiapproximately the same value |
(Table 2) despite the enormous difference in output of VQE.

In sulfate solutlons the formatlon of coﬂplexes of ions of
vanadium with oxygen, SOLl ions and molecules of water 1s possible.
To clarify the role of ionic 1nteract10n in the kineticecs of the
redox-processes, we studied the effect of concentration of sou
ions on the magnitudes of the 11m1t1ng currents ;. and also the effect
of pH on the speed of the process in the presence of a constant
potential. These results are presented in Table 1 and Figure 3.

The height of the limiting current does not depend on the sulfate
content, but 1ts occurrence éannqt possibly be connected with

slowing down of ionic interactioﬁ prior to discharge (Table 1).
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Figure 3. The relationship ¢-pH

Figure 2. Dependence of id on _
in a solution of VOSOy on a

the speed of removal: 1,2,3—
oxidation of V02t to VO on - copper cathode at currents from

Pd, Rh, Pt; 4,5,6 — requotion | 1-25 (1) to 62.5 mA (9).

of v02+ to v05+ on Fe, Pb, Cu.
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TABLE 2. NON-STATIONARY OUTPUTS WITH RESPECT TO CURRENT IN A
SOLUTION WITH CONCENTRATION V(+4), EQUAL TO 10 g/1, AND pH 70

Anode outputs with regpect ; 5 Cathode outputs with
to current id’ mA/cm respect to current
Anode | Cathode | 9(H,),v] n,8
material @(HE), v in,% T material
Pd ﬁ‘ +1.58 6.9 13.5 . Pd | |-0.60 7.1
Pt +1,52 94.0 17.0 cu 4 |~0.34 21.0
Bh Tﬁ +1.70 | 55.0 14.0 Pb ;5 -040 67.5
it "ﬁ=t‘

In the working pH interval from 0.3 to 1.5, the speed of
reaction 1s practically unchanged. For pH 2 or higher, the polari-
zation increased sharply, and on the surface of the anodes and
catheodes oxide films were formedi When the pH was less than 0.3,
some depolarlization was observed, connected, possibl&,with the
change in coordination of oxygenj A

!

The outputs with respect toéthe current were determined with
current densities which were 1owér than the limiting currents in
non-stationary conditions. In ofder to avoid a transitlon of the
system to current densities highér than the limiting ones and a
change of the mechanism of the pfocess, the outpﬁts with respect to
the current were measured when tﬂe potential was constant. The
amount of electricity was determined by graphical integration of
the current-time curve, and the éhange in concentration of V02+
lons — by amperometrile titratioﬁ directly in the cell, . The re-
sults obtained are presented in Table 2. In all the experiments,
the outputs with respect to the current differed from 100%.” ~On
the platinum cathode on which oniy one branch of the polarized
.. curve was. observed, the output Wﬂth respect. fo.the current did not -
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 attain .100%, even when the polarizations were very small [3].
These data are hard to explain if one conslders the discharge of
the lons of vO°' and H,0 as independent.

Thus, although the electrochemical behavior of the systems
studied meets the criteria which are ordinarily considered suffi-
clent for recognizing the 1imitiﬁg currents as diffusional — )
thelr nature is more complex. OBviously a detalled interpretation .
of the kinetic -data must accountffor the conjugacy of the redox-
reaction of vanadium ions with the procegses of separation of
“hydrogen and oxygen and the rapid chemical interaction of the

products of the reaction.
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